Introduction {#Sec1}
============

Umbilical cord clamping and cutting are done in the third stage of labour. Two types of clamping have been described, depending on how long after birth they are performed: early and delayed. In early umbilical cord clamping (ECC), the cord is clamped within the first minute after birth, while in delayed cord clamping (DCC), the clamping is done between one and three minutes of birth, or when the cord stops beating^[@CR1]--[@CR4]^. It should be pointed out that, since 2010, ILCOR recommend that the cord should not be clamped within one minute^[@CR5]^.

Among the advantages for the newborn, it has been observed that DCC in term newborns resulted in increased levels of haemoglobin at birth and, consequently, better iron levels in the first few months of life, which can have a favourable impact on the child's development^[@CR6]--[@CR9]^. In the case of preterm newborns, a reduction in rates of intraventricular haemorrhage and necrotising enterocolitis has been observed, as well as a reduced need for transfusion. If ECC is performed, there is an increase in the mortality rate with respect to DCC^[@CR10]^. However, an increased risk of jaundice has been described^[@CR11]^. With regard to mothers, in 2013, McDonald *et al*. concluded that DCC was not related to an increased risk of postpartum haemorrhage (PPH) or a difference in postpartum haemoglobin levels compared with early clamping^[@CR2]^.

Due to the impact that clamping has on maternal-foetal health^[@CR3],[@CR6],[@CR8]--[@CR11]^ international Clinical Practice Guides (CPGs) recommend this procedure DCC in all births, when possible^[@CR12]--[@CR15]^.

When DCC is not possible for any reason, such as immediate neonatal resuscitation or maternal haemodynamic instability, umbilical cord milking (UCM)has been proposed as an alternative option to DCC. This technique consists of milking the umbilical cord several times along 10 or 20 cm of the cord's length, from the placenta toward the newborn^[@CR16],[@CR17]^. While cord milking has risks in extremely preterm infants^[@CR18]^ it has been shown to be safe in term and near term infants^[@CR19],[@CR20]^.

Wu *et al*. found that umbilical cord drainage decreased the duration of the third stage of labour by 2.28 minute, but the amount of blood loss was not reduced. In case of normal vaginal deliveries, the incidence of postpartum haemorrhage was decreased by 3%^[@CR21]^.

Despite the fact that benefits for the newborn have been demonstrated, more studies are needed in order to recommend this practice^[@CR13],[@CR22],[@CR23]^.

Studies on current practices among health professionals in different countries have shown that the majority of professionals perform DCC, existing variability with regard to when it is performed^[@CR24]--[@CR27]^.

Currently, in Spain, although there is a concern about pregnant women's health^[@CR28],[@CR29]^,there is an overall lack of information on umbilical cord clamping types and techniques used by professionals, as well as on the frequency at which UCM is performed and the reasons for using this procedure. For this reason, and due to the significant implications that cord clamping has for newborns, our objective was to determine the variability in clinical practice in the management of umbilical cord clamping and to identify the professional or work environment factors associated with the different ways of managing it.

Methodology {#Sec2}
===========

Design and selection of study subjects {#Sec3}
--------------------------------------

An observational cross-sectional study was conducted involving obstetrics professionals (obstetricians, midwives, and students) in Spain during 2018^[@CR30]^.

Study population and sample {#Sec4}
---------------------------

The study population were obstetrics professionals including obstetricians, obstetrician students, midwives, and midwifery students. Primary care obstetrics professionals were excluded as they do not attend childbirths.

According to official statistics offered by the Spanish Ministry of Health, Consumer Affairs and Social Welfare, a population of 16,361 obstetrics professionals were registered in Spain. Out of them, 9,013 were midwives, 743 were midwifery students, 5,616 were obstetricians, and 989 obstetrics students^[@CR31],[@CR32]^.

To estimate the sample size, the following criteria were considered. As it was a multiple-choice questionnaire in which the prevalence of each response option was unknown, a prevalence of 50% was used for being the criterion that requires the largest sample size. Additionally, a confidence level of 95% was stated and a precision or absolute error of 3%, giving a minimum sample size of 1,002 study subjects. For this estimation, the EPIDAT 4.1 software was used^[@CR30]^.

Data collection {#Sec5}
---------------

To collect the information, a self-designed online anonymous questionnaire was used containing 35 items on sociodemographic data, professional and work environment characteristics, and different ways of performing cord clamping and UCM.

The questionnaire was distributed to obstetrics professionals via the Spanish Midwives Associations Federation and its sixteen member associations (<https://www.federacion-matronas.org/>). The questionnaire was also distributed through Scientific Societies of Obstetrics^[@CR30]^.

Once the study subjects agreed to participate, they were given instructions on completing the questionnaire. An email address was set up to respond to questions or issues raised in relation to filling out the questionnaire.

The following variables were collected:

The main dependent variables were type of clamping (ECC or DCC) and use of UCM (No/Yes). Other dependent variables were waiting time before clamping the umbilical cord in DCC (less than 1 minute/1--2 minutes/more than 2 minutes/when the cord stops beating).

The independent variables were: age, sex, profession (midwife/midwifery student/ obstetrician/obstetricsstudent), hospital(public or private), works in a private hospital (No/Yes), home births (No/Yes), number of birth per year at the hospital (≤1000 births/1001--2000 births/2001--4000 births/\>4000 births), existence of students at the hospital (no students/onlymidwifery students/only obstetricsstudents/both specialties' students) and year of completion of training (before 2007/between 2007 and 2013/after 2013/in training).

Statistical analysis {#Sec6}
--------------------

First, a descriptive analysis was done using absolute and relative frequencies. For the questions related with umbilical cord clamping and UCM, a weighting factor analysis was used for the variable 'profession', with the aim of improving the representativeness of the sample. The weighting factor was obtained by dividing the relative frequency of the theoretical sample by the relative frequency of the real sample obtained in our study. Weighting is a statistical technique that can be used to correct any imbalance in sample profiles after data collection. The weighting coefficients were 0.73 (0.55/0.75) for midwives, 0.49 (0.04/0.09) for midwifery students,3.12 (0.34/0.11) for obstetricians, and 1.44 (0.06/0.04) for obstetrics students^[@CR30]^.

Next, a bivariate analysis of the different sociodemographic and professional factors in relation to the type of clamping was done using binary logistic regression. Then, a multivariate analysis was performed through binary logistic regression using SPSS forward and backward selection, and potential confounders were included in the analysis. The crude (OR) and adjusted (ORa) odds ratios were estimated with a respective confidence interval of 95% (CI95%) related with the type of clamping and its relationship with the professional and work environment characteristics.

Ethical approval {#Sec8}
----------------

This study was approved by the Clinical Research Ethics Committee (CEIC) of Mancha-Centro Hospital with identification number: 91-C. Before starting the questionnaire, obstetrics professionals read a fact sheet about the study, its objectives, etc., and marked a box by which they showed their consent to participate in it, i.e., they signed an online informed consent (ticking the option if they wanted to participate or not doing so when refusing to take part in the study). we followed the protocols established to carry out this type of research with the purpose of publication/disclosure to the scientific community. The study was conducted according to the strobe guidelines set in the Declaration of Helsinki and all procedures involving human subjects were approved by the Ethics Committee. All women involved in this study filled out informed consent and data treatment forms to enter the study, in accordance with the ethical standards of the Ethics Committee.

Results {#Sec9}
=======

Professional and work environment characteristics {#Sec10}
-------------------------------------------------

1,045 professionals participated in this study, which means a response rate of 8.7% midwives, 13.0% midwifery students, 2.0% obstetricians, and 4.4% obstetrics students.

Out of the study sample, 75.5% (n = 789) were midwives, 11.0% were obstetricians (n = 115), and 13.5% (n = 141) midwifery students or obstetrics students. 89.4% (n = 934) of the sample were women, 33.1% (n = 346) finished their specialist training after 2013, and 3.6% (n = 38) attended home births. Table [1](#Tab1){ref-type="table"} summarises the sociodemographic, professional and work environment characteristics.Table 1Sociodemographic, professional, and work environment characteristics.Variable% (n)**Age**≤3036.3 (379)31--4033.4 (349)41--50210 (20.1)\>5010.2 (107)**Sex**Male10.6 (111)Female89.4 (934)**Profession**Midwife75.5 (789)Midwifery student9.3 (97)Obstetrician11.0 (115)Obstetrics student4.2 (44)**Year of completion of training**Before 200726.7 (279)2007--201326.6 (278)After 201333.1 (346)In training13.6 (142)**Works in a public hospital**No3.5 (37)Yes96.5 (1008)**Works in a private hospital**No85.8 (897)Yes14.2 (148)**Attends home births**No96.4 (1007)Yes3.6 (38)**Works in Primary Care**No81.1(847)Yes18.9 (198)**Number of births per year in their hospital**\<1000 births24.1 (252)1001--2000 births32.7 (342)2000--4000 births26.9 (281)\>4000 births16.3 (170)**Professionals in training at the hospital**No professionals in training18.5 (193)Midwifery students only4.3 (45)Obstetrics students only5.4 (56)Both specialities71.9 (751)

Clamping types and techniques {#Sec11}
-----------------------------

With regard to the type of clamping used by professionals, 92.2% (n = 964) performed DCC. When weighted for profession, the overall percentage of DCC fell to 84.2%. With respect to the time waited to clamp the cord in DCC, 69.3% (n = 724) clamped the cord when it stopped beating, while 14.1% (n = 147) waited 1--2 minutes to clamp it.

Use of milking and milking techniques {#Sec12}
-------------------------------------

83.8% (n = 876) of professionals knew what UCM was. 55.9% (n = 584) had never performed it, while 3.4% (n = 36) performed it frequently. 49.6% (n = 216) performed UCM when it was not possible to perform DCC. 17.1% (n = 79) only performed it in premature births and 7.8% (n = 36) performed it systematically. With regard to the number of times professionals milked the umbilical cord toward the newborn, 29.9% (n = 138) milked it once, while 25.6% (n = 118) didnot milk it a set number of times. On carrying out the analysis with the weighting factor for the variable 'profession', significant differences were observed with respect to the unweighted analysis in the questions related to the situations in which milking was used and the number of times the cord was milked. Table [2](#Tab2){ref-type="table"} shows the type of clamping, use of UCM, and the technical characteristics of the procedures.Table 2Type of clamping, use of milking, and technical characteristics.Variable% (n)% (n) Weighted**Type of umbilical cord clamping habitually used**Early7.8 (81)15.0 (158)Delayed92.2 (964)84.2 (887)**Time until umbilical cord is clamped if delayed clamping is performed**Less than 1 minute2.5 (26)2.4 (21)1--2 minutes14.1 (147)15.9 (141)More than 2 minutes11.4 (119)10.4 (93)When the cord stops beating69.3 (724)70.9 (629)Missing values2.8 (29)0.3 (3)**Do you know what umbilical cord milking is?**No16.2 (169)14.8 (155)Yes83.8 (876)85.2 (890)**Have you ever performed cord milking?**Never55.9 (584)51.0 (534)Rarely23.4 (245)23.5 (246)Occasionally16.5 (172)20.4 (213)Frequently3.4 (36)4.6 (48)Always0.8 (8)0.5 (5)**Situations that lead to use milking**Systematically in all births7.8 (36)3.2 (33)Only in premature births17.1 (79)11.7 (122)When delayed clamping cannot be used due to the need to perform neonatal resuscitation49.6 (216)22.7 (237)I have more than a single criterion28.2 (130)62.5 (653)**Number of times the cord is "milked" during milking**Once29.9 (138)14.7 (154)Twice21.7 (100)11.1 (116)Three times19.5 (90)10.1 (106)Four times2.2 (10)1.1 (12)Five times1.1 (5)1.0 (11)I don't have established criteria25.6 (118)61.9 (647)**At your hospital, is there a protocol for the management of labour?**No27.7 (289)25.6 (267)Yes, but each professional applies his/her own criteria21.2 (222)19.9 (208)Yes, and the majority of professionals apply it51.1 (534)54.5 (570)

Factors associated with the type of clamping {#Sec13}
--------------------------------------------

The professional and work environment characteristics associated with the use of DCC were analysed. When carrying out the multivariate analysis, it was observed that the older the health professional, the lower the probability of using DCC, with professionals over 50 having an OR of 0.24 (95% CI: 0.11--0.52), as compared with professionals aged 30 and under. On the other hand, it was observed that midwives had an OR of 14.05 (95% CI: 8.41--23.49) of performing DCC compared with obstetricians. Professionals from hospitals with between 1,001 and 2,000 births per year increased the probability of performing DCC, with an OR of 2.72 (95% CI: 1.35--5.47) compared with those with less than 1,000 births per year. The bivariate and multivariate analysis are shown in Table [3](#Tab3){ref-type="table"}.Table 3Type of clamping and its relationship with professional and work environment characteristics.VariableType of clampingBivariate analysis OR CI 95%Multivariate analysis \*ORa CI 95%Early (N = 81) % (n)Delayed (N = 964) % (n)**Age**≤305.0 (19)95.0 (360)1 (ref.)1 (ref.)31--407.7 (27)92.3 (322)0.62 (0.34--1.15)0.72 (0.37--1.40)41--507.6 (16)92.4 (194)0.64 (0.32--1.27)0.62 (0.29--1.33)\>5017.8 (19)82.2 (88)**0.24 (0.12--0.48)0.24 (0.11--0.52)Sex**Male13.5 (15)86.5 (96)1 (ref.)Female7.1 (66)92.9 (868)**2.05 (1.12--3.74)Profession**Obstetrician31.4 (50)68.6 (109)1 (ref.)1 (ref.)Midwife3.5 (31)96.5 (855)**12.65 (7.74--20.66)14.05 (8.41--23.49)Completion of training**Before 200711.8 (33)88.2 (246)1 (ref.)Between 2017 and 20136.8 (19)93.2 (259)**1.82 (1.01--3.30)**After 20134.3 (15)95.7 (331)**2.96 (1.57--5.57)**Training period9.4 (14)90.1 (128)1.22 (0.63--2.37)**Works in a public hospital**No8.1 (3)91.9 (34)1 (ref.)Yes7.7 (78)92.3 (930)1.05 (0.31--3.50)**Works in a private hospital**No7.0 (63)93.0 (834)1 (ref.)Yes12.2 (18)87.8 (130)**0.54 (0.31--0.95)Attends home births**No8.0 (81)92.0 (926)NCYes0.0 (0)100.0 (38)NC**Number of births per year in their hospital**\<1000 births10.7 (27)89.3 (225)1 (ref.)1 (ref.)1001--2000 births5.0 (17)95.0 (325)**2.29 (1.22--4.30)2.72 (1.35--5.47)**2000--4000 births8.9 (25)91.1 (256)1.22 (0.69--2.17)1.13 (0.59--2.14)\>4000 births7.1 (12)92.9 (158)1.58 (0.77--3.21)1.83 (0.82--4.06)**Professionals in training at the hospital**No professionals in training9.3 (18)90.7 (175)1 (ref.)Midwifery students only2.2 (1)97.8 (44)4.52 (0.58--34.82)Obstetrics students only14.3 (8)85.7 (48)0.61 (0.23--1.50)Both specialities7.2 (54)92.8 (697)1.32 (0.75--2.32)In bold, the variables that presented a statistically significant relationship.

Discussion {#Sec14}
==========

In the present study we observed that 92.2% of professionals performed DCC, with a great variability in the amount of time until the cord was clamped when delayed clamping was used. Also, DCC was associated with certain professional characteristics such as the age of the professional, the profession, and the number of births at the hospital.

Furthermore, 83.3% of professionals knew what UCM was, with significant variability in terms of situations in which UCM was carried out and the number of times the umbilical cord was milked by using this technique.

The physiological transition from foetal to neonatal circulation occurs through the redistribution of residual blood from the placenta to the newborn, which is known as placental transfusion. The physiological closure of the umbilical vessels ends with this placental transfusion. Clamping the cord after the physiological closure of the vessels improves adaptation to extrauterine life as it optimises the filling of the pulmonary vessels. When the UCC is performed, it improves pulmonary blood flow immediately at birth and helps lung expansion at the beginning of breaths^[@CR33],[@CR34]^.

The WHO recommends^[@CR1]^ performing umbilical cord clamping between 1--3 minutes after birth. In our study, around 80% of professionals follow this recommendation. This is a strong recommendation and adherence is a reasonable measure of good-quality care.

With regard to the prevalence of DCC, Boere *et al*.^[@CR25]^ conducted a study of 500 professionals in the Netherlands. Results showed that90% used DCC in vaginal births without complications, with figures very similar to the ones shown in our study. Meanwhile, a study conducted by Leslie *et al*. in USA on a sample of 171 obstetricians found that 67% used DCC. Lundberg *et al*. conducted a study of 50 obstetrics departments in Norway that found that 76% used DCC^[@CR35]^.

The 2014 NICE^[@CR12]^ recommend do not clamp the cord earlier than 1 minute from the birth of the baby. Systematic reviews have revealed that DCC has beneficial short-term and long-term effects for the newborn. Among its benefits are: increased levels of haemoglobin, improved iron deposits, a reduction in rates of intraventricular haemorrhage and necrotising enterocolitis, as well as a reduced need for transfusion,reduce infant anemia, apart from not increasing the incidence of obstetric complications in mothers^[@CR2],[@CR36]^.

The optimum time to clamp the umbilical cord has not been established yet^[@CR2],[@CR8],[@CR9],[@CR24]^. In another study, 69.3% of professionals clamped the cord once it stopped beating. In this regard, and coinciding with our results, Boere *et al*.^[@CR25]^ observed that 54% of professionals in the Netherlands that used DCC waited until the cord stopped beating to clamp it.Many authorities have pointed out that the precise time of clampingis not as important and the stage of physiological transition of the neonate^[@CR37]^.

It is also possible to explain the increased use of DCC through professional factors. Specifically, we observed a greater use of DCC among midwives than among obstetricians, concurring with the work done by Farrar *et al*.^[@CR38]^ and Boere *et al*.^[@CR25]^.

Another factor related with an increased use of DCC in our study was the size of the hospital. In hospitals with between 1,001 and 2,000 births per year, there was a greater probability of DCC being used than in hospitals with less than 1,000 births. This difference was not observed with respect to larger hospitals, despite the fact that, on average, larger hospitals tend to have better quality indicators^[@CR39]^.

Dalheim *et al*.^[@CR40]^ identified several factors as barriers to the application of evidence-based clinical practice, one of which is age. In our study, we identified that one of the factors associated with a lower probability of using DCC was age. Professionals aged over 50 used delayed clamping less than professionals under 30.

Furthermore, when it is not possible to perform DCC, some professionals opted to perform milking. In our study, 17.1% of professionals performed UCM when the baby was preterm. In the US^[@CR25]^, the prevalence of the use of UCM in newborns was 38.6%, while in the study done in 50 obstetrics departments in Norway, 6 of them reported that they used UCM in babies born before 32 weeks' gestation^[@CR41]^.

According to an Italian study, in the case of term newborns via caesarean, if delayed clamping was not possible, UCM could be considered as an alternative procedure to increase haemoglobin levels in the postnatal period and iron reserves in the following weeks^[@CR42]^. The Royal College of Obstetricians and Gynaecologist^[@CR39]^ also considers it as an alternative to delayed clamping, but more in-depth research is required to evaluate the differences between preterm newbornsandterm newborns, as well as the associated benefits and risks, before it can be implemented systematically.

In our study, half of the professionals that used UCM did so in situations where DCC could not be used, with wide variability in the number of times the cord was milked toward the newborn. No exact number of times to milk the cord has been established, although several studies establish this number at between two and four^[@CR41],[@CR43]--[@CR45]^.

One limitation of the study is the possibility of a selection bias in its design due to the fact that more midwives than obstetricians participated. However, this is a reflection of actual practice in Spain, as normal eutocic births are usually attended by midwives. In this regard, we carried out an additional analysis using profession as a weighting factor. One of the biggest strengths of this study is that it is the first one conducted in Spain to find out how umbilical cord clamping is performed, with a large sample which reveals the variability among professionals. Furthermore, the results of this study can serve as a basis for new research in this field to establish comparisons and healthcare policies aimed at improving professional training.

Conclusions {#Sec15}
===========

There is significant variability among obstetrics professionals with respect to the type of clamping and milking of the umbilical cord regarding normal births. Most professionals perform DCC, presenting a great variability in the waiting time to clamp the umbilical cord.

The DCC was associated with certain professional characteristics such as the age of the professional, the profession, and the number of births at the workplace. Thus, being of lower age, a midwife and working in a centre with 1,001--2,000 births per year increased the likelihood of performing DCC.

On the other hand, most professionals know about the milking technique and use it as an alternative when they cannot perform DCC.

More research is needed to determine the most appropriate procedures, which can then serve as the basis for professionals to draw up consensus statements and reduce the variability in clinical practice.
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